In recent years, numerous studies have been carried out to define the biochemical significance of the polyamines spermidine and spermine and their precursor putrescine. Increased polyamine levels and synthesis have been found to occur in a number of systems characterized by a shift from a quiescent to a proliferating state (1, 3, 5, 8, 13) .
We have reported that the synthesis of S-adenosylmethionine at the onset of germination of spores of Saccharomyces cerevisiae was essential for normal germination to occur (2) . It was also shownthattheS-adenosylmethionine decarboxylase activity increased significantly during the initial hours of germination. This paper reports experiments to study the relationship between the synthesis of polyamines and macromolecules during germination and outgrowth of S. cerevisiae ascospores. A single spore population of S. cerevisiae strain 4579 was prepared as described by Tingle et al. (12) . Spores were germinated in a succinic acid synthetic medium as described by Sebastian et al. (11) . Gennination and outgrowth were carried out and measured as described by Rousseau and Halvorson (10) and as previously described for this strain (2) . Polyamines were extracted from cells (2 to 4 g, wet weight) with 5% trichloroacetic acid and applied to Dowex 50 columns as described by Inoue and Mitzutani (6) . The recoveries of radioactive spermidine, spermine, and putrescine after addition to the initial trichloroacetic acid extract were 95, 93, and 96%, respectively. The procedure used for the quantitative determination of spermidine, spermine, and putrescine was based on the methods of Raina (7) .
The internal concentrations of the free pools of the diamine putrescine and the polyamines spermidine and spermine are shown in Fig. 1 . The ungerminated spores contained almost identical levels of spermidine and spermine (160 to 180 nmol/2 x 10'°spores), whereas the level of putrescine was somewhat lower (105 to 110 nmol/2 x 10'°spores). At the onset of germination, all three amines initially decreased and then increased after 2 h. The level of spermidine showed the fastest rate of increase. Between 2 and 4 h, the spermidine concentration increased 2.5-fold, the spermine level increased about 50%, and the putrescine concentration almost doubled. The biosynthesis of spermidine and spermine was measured by following the incorporation of [2-14C] methionine into these compounds (Fig. 2) . The relationship between the biosynthesis of these polyamines and the incorporation of [14C]uracil into RNA is also shown in this figure. The biosynthesis of spermidine increased in parallel with RNA synthesis throughout the entire 5-h period. The biosynthesis ofspermine, however, increased at a much slower rate than that of spermidine or of uracil incorporation.
Methylglyoxal bis(guanylhydrazone) (MG-BG) has been shown to be a potent inhibitor of S-adenosylmethionine decarboxylase in S. cerevisiae (14) . The effect of MGBG on the accumulation of polyamines during germination and outgrowth of yeast ascospores is shown in Fig.  3 . MGBG at 10-4 M completely prevented the accumulation of both spermidine and spermine ( Fig. 3B and C) We have also demonstrated that MGBG has no effect on the incorporation of labeled precursors into RNA and protein or on the net DNA levels during germination and outgrowth. In addition, we observed normal germination and outgrowth in the presence of MGBG. Tenfoldhigher concentrations of the inhibitor gave similar data.
We have demonstrated that during germina- Although the accumulation of polyamines may not be essential for macromolecular biosynthesis during germination of yeast ascospores, it is possible that the concentrations of polyamines in the ungerminated spores are already high enough to support the synthesis of these macromolecules. It is also possible that putreset al. (9) . The biosyntheses of spermidine and spermine were determined by germinating spores in the presence of 1.0 mM [2-'4CJmethionine (1 , uCil, umol per 10 ml). The polyamine extracts were prepared and subjected to high-voltage paper electrophoresis as described by Raina (7) . The polyamine spots on the chromatogram were cut out and placed in a scintillation cocktail consisting of 0. VOL. 133, 1978 on September 29, 2017 by guest http://jb.asm.org/ Downloaded from NOTES cine either is the regulatory molecule or can substitute for spermidine and/or spermine, because during MGBG treatment putrescine continues to accumulate. Future experiments will be designed to inhibit putrescine biosynthesis with a-methylornithine (a potent inhibitor of ornithine decarboxylase) in an attempt to decrease the level of putrescine during germination. Other experiments will utilize MGBG before germination (during sporulation) in an attempt to decrease the levels of spermine and spermidine in the ungenninated spore.
